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Gsk‐3β

:   glycogen synthase kinase‐3β

HOTAIR

:   HOX transcript antisense RNA

MMP‐7

:   matrix metalloproteinase‐7

MNU

:   1‐methyl‐1‐nitrosourea

1. INTRODUCTION {#cas14133-sec-0001}
===============

Breast cancer is the most common cancer and the leading cause of cancer deaths in women globally.[1](#cas14133-bib-0001){ref-type="ref"} Surgery, hormone therapy, radiation therapy, and chemotherapy are conventional treatments used in breast cancer treatment.[2](#cas14133-bib-0002){ref-type="ref"} However, side effects, such as multidrug resistance, increase the challenge of breast cancer treatment. Many researchers are attempting to find alternative treatments for breast cancer. Clinical research concluded that the co‐administration of phytochemicals could be a promising approach to reduce the side effects and complications of chemotherapy and radio therapy and improve immunologic function in patients with breast cancer.[3](#cas14133-bib-0003){ref-type="ref"} Considerable attention has been focused on dietary approaches that may be beneficial for the prevention and treatment of breast cancer.

Many natural products derived from dietary sources benefit breast cancer prevention and treatment.[4](#cas14133-bib-0004){ref-type="ref"} Phytotherapeutic products, such as *Echinacea*,*Salvia*,*Allium sativum*, and green tea, have been used as anti‐cancer agents, based on their rich content of phytochemicals.[5](#cas14133-bib-0005){ref-type="ref"} Anthocyanin, a kind of natural polyphenolic, is abundant in many fruits and vegetables including berries, red grapes, and red cabbages.[6](#cas14133-bib-0006){ref-type="ref"} Anthocyanins have antioxidant, anti‐aging, anti‐inflammatory, and anti‐cancer functions.[7](#cas14133-bib-0007){ref-type="ref"} Researchers have determined that anthocyanins can induce tumor cell differentiation, decrease tumor malignancy, and block carcinogenesis.[8](#cas14133-bib-0008){ref-type="ref"}, [9](#cas14133-bib-0009){ref-type="ref"} Delphinidin is one of the main anthocyanidins and has potent anti‐cancer properties.[10](#cas14133-bib-0010){ref-type="ref"}, [11](#cas14133-bib-0011){ref-type="ref"}, [12](#cas14133-bib-0012){ref-type="ref"} In our previous research, we found that delphinidin suppressed carcinogenic transformation in breast MCF10A cells induced by carcinogens. We also found that delphinidin downregulated HOX transcript antisense RNA (HOTAIR) expression in xenografted tumors of athymic mice and breast cancer cells.[13](#cas14133-bib-0013){ref-type="ref"}

HOTAIR is a 2.2‐kb long noncoding RNA transcribed from the HOXC gene cluster on chromosome 12q13.13. High expression of HOTAIR has been implicated in various types of malignancies, and it plays a critical role in most biologic processes of cancer.[14](#cas14133-bib-0014){ref-type="ref"} Patients who have breast cancer and high HOTAIR expression have poor prognosis and survival, and HOTAIR has been regarded as an oncogene and a potential new target in cancer therapy.[15](#cas14133-bib-0015){ref-type="ref"} miR‐34a, as a tumor suppressor, has been shown to play an important role in carcinogenesis and has low expression in breast cancer tissues and cell lines.[16](#cas14133-bib-0016){ref-type="ref"} Researchers have found that HOTAIR knockdown in gastric cancer cells could increase miR‐34a levels and inhibit drug resistance.[17](#cas14133-bib-0017){ref-type="ref"} Studies have shown that HOTAIR physically interacts with the miR‐34a promoter to silence miR‐34a, indicating that HOTAIR can function as competing endogenous RNA for miR‐34a.[18](#cas14133-bib-0018){ref-type="ref"}, [19](#cas14133-bib-0019){ref-type="ref"}

Our previous study showed that HOTAIR causes significant upregulation during cellular breast carcinogenesis and was significantly decreased by delphinidin treatment. Only a few studies have investigated the mechanism by which delphinidin inhibits breast carcinogenesis through HOTAIR. In the current study, we evaluated the effects of delphinidin on breast carcinogenesis in rats and further investigated the anti‐cancer mechanism of delphinidin through regulating HOTAIR/miR‐34a axis.

2. MATERIALS AND METHODS {#cas14133-sec-0002}
========================

2.1. Chemicals and reagents {#cas14133-sec-0003}
---------------------------

Delphinidin (98%) was purchased from Sigma‐Aldrich Co., LLC, and delphinidin (25%) was purchased from DaXingAnLing Lingonberry Boreal Biotech Co., Ltd. 1‐methyl‐1‐nitrosourea (MNU) was obtained from Sigma‐Aldrich Co., LLC. DMEM/F12 medium and fetal bovine serum (FBS) were purchased from HyClone; a cell counting kit‐8 (CCK‐8), dimethyl sulfoxide (DMSO), phosphate‐buffered saline (PBS), and other chemicals were purchased from Sigma‐Aldrich. Sprague‐Dawley rats were purchased from Chengdu Dashuo Experimental Animal Co., Ltd. The EZ‐ChIP Chromatin Immunoprecipitation Kit, the Magna RIP™ RNA‐Binding Protein Immunoprecipitation Kit, anti‐human argonaute 2 (Ago2) antibodies, IgG, antibody EZH2, and trimethylating histone H3 lysine 27 (H3K27me3) were purchased from Millipore. Other antibodies were obtained from Cell Signaling Technology Inc. and Sigma‐Aldrich.

2.2. Experimental model of carcinogenesis in rats {#cas14133-sec-0004}
-------------------------------------------------

Female Sprague‐Dawley rats (age, 42‐48 d; weight, 145‐165 g) were bred to an AIN‐93G diet and maintained in accordance with our institutional guidelines for the use of laboratory animals (SYXK \[chuan\] 2015‐196). After 3 d, the rats were divided into three groups: normal, control, and delphinidin administration groups. At 1 wk later, the rats in the control and delphinidin administration groups were given a single intraperitoneal injection of MNU (50 mg/kg) dissolved in physiologic saline containing 0.05% acetic acid prepared within 30 min before use. The rats in the normal group were injected with an equal volume of physiologic saline. In our pretest, we found 100 mg/kg/d delphinidin had no side effects on rats. During the experiment, the rats in the delphinidin administration group were fed 100 mg/kg/d delphinidin. The rats in the normal and control groups were orally fed normal saline alone. The rats were weighed twice per week and monitored once per day. The following parameters were calculated for each group: tumor incidence, the percentage of rats bearing at least one palpable malignant mammary tumor; tumor latency, the average time of tumor appearance; and tumor multiplicity, the total number of malignant mammary tumors.

2.3. Hematoxylin--eosin staining and immunohistochemistry {#cas14133-sec-0005}
---------------------------------------------------------

Samples were embedded in paraffin and cut into 4‐mm‐thick sections. After they were dehydrated with gradient ethanol, the sections were stained with hematoxylin‐eosin and assessed using an optical microscope. For immunohistochemistry experiments, tissue sections were treated with 3% hydrogen peroxide to block endogenous peroxidase activity, blocked with 20% goat serum, and incubated with antibody at 4°C overnight. Negative controls were performed by omitting the primary antibody. After application of a biotinylated secondary antibody, the signal was developed with a modified avidin‐biotin complex immunoperoxidase staining procedure. Positive cells were quantified per high‐power field, and 10 fields were averaged for each case. Three sections were analyzed for each sample.

2.4. Cells and culture {#cas14133-sec-0006}
----------------------

Breast cancer cells MDA‐MB‐231, MCF‐7, and MDA‐MB‐453 were purchased from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences. MDA‐MB‐231 and MCF‐7 cells were grown in DMEM/F12 medium. MDA‐MB‐453 cells were grown in RPMI 1640 medium, supplemented with 10% FBS. All the cultures were maintained in a humidified atmosphere of 5% CO~2~/95% air at 37°C. In our previous research, we found that 40 μmol/L delphinidin significantly reduced cells viability in breast cancer cells.[13](#cas14133-bib-0013){ref-type="ref"} So we used 40 μmol/L delphinidin for the breast cancer cell lines in this study.

2.5. Cell viability assay {#cas14133-sec-0007}
-------------------------

Cell viability was assessed with a cell counting kit‐8 (CCK‐8) assay according to the protocol. Cells were planted in 96‐well plates at a density of 1 × 10^5^/mL and then treated with delphinidin for 48 h. Then 10% CCK‐8 solution was added to the wells and incubated for 2 h at 37**°**C. Optical density (OD) was measured at 450 nm. The assay was repeated three times.

2.6. Plasmids, oligonucleotides, and transfections {#cas14133-sec-0008}
--------------------------------------------------

To express HOTAIR ectopically, PCR fragments of HOTAIR were cloned into pcDNA3.1(+) (Invitrogen, Beijing, China) using the following primers: HOTAIR, sense, 5′‐CATGGATCCACATTCTGCCCTGATTTCCGGAACC‐3′; reverse, 5′‐ACTCTCGAGCCACCAC‐ACACACACAACCTACAC‐3′. To inhibit miR‐34a expression, anti‐miR‐34a oligonucleotides (5′‐ACAACCAGCTAAGACACTGCC‐3′) (Exiqon) were used. The cells were transfected with Lipofectamine 2000 in Opti‐Mem according to the manufacturer\'s protocol. The medium was replaced 8 h later, and cells were collected for subsequent experiments 48 h after transfection.

2.7. Cell migration and invasion assay {#cas14133-sec-0009}
--------------------------------------

The migration and invasion abilities of breast cancer cells were observed with wound healing and transwell assays. Scratch/wound healing assay was used to determine cell migration. Cells were seeded onto 6‐cm dishes and grown to form a monolayer. After washing with PBS, the cell monolayer was scraped with a sterile cell scraper to create a cell‐free zone to produce wounded cultures. The distance traveled by the cells was measured between the two boundaries of the cellular area at 0 and 48 h. All experiments were performed in triplicate.

A cell invasion assay kit (Chemicon) was used to examine the capability for cell invasion: the extracellular matrix layer was rehydrated for 1 to 2 h at room temperature, and 300 μL cell suspension (1.0 × 10^6^ cells/mL) was added to each insert. After incubation for 24 h, non‐invading cells were removed with a cotton‐tipped swab. The cells were stained and counted by photographing the membrane through the microscope.

2.8. Western blot analysis {#cas14133-sec-0010}
--------------------------

Cells were lysed with a buffer containing 1% sodium deoxycholate and 0.1% sodium dodecyl sulfate supplemented with protease and phosphatase inhibitors. Equal amounts of cellular proteins were resolved by electrophoresis in 10% or 12% sodium dodecyl sulfate‐polyacrylamide gels and transferred to a nylon filter for western immunoblotting with specific antibodies. The antigen‐antibody complexes on the filters were detected by chemiluminescence.

2.9. qRT‐PCR analysis of HOTAIR {#cas14133-sec-0011}
-------------------------------

Total RNA was extracted with the TRIzol reagent, and reverse transcription was performed with oligo(dT) 20 as the primer and M‐MLV reverse transcriptase (Promega) at 42°C for 30 min. HOTAIR levels were quantified using a Light Cycler 480 Probes Master kit (Roche) according to the manufacturer\'s protocol, with the following specific HOTAIR primers (forward, 5′‐ACGGAACCCATGGACTCATA‐3′, reverse, 5′‐TTGGGGAAGCATTTTCTGAC‐3′). All samples were read in triplicate, and values were normalized to β‐actin (forward, 5′‐TGACAGGATGCAGAAGGAGA‐3′; reverse, 5′‐TAGAGCCACCAATCCACACA‐3′). The relative expression level of each miRNA was calculated with the comparative C~T~ method.

2.10. qRT‐PCR analysis for miR‐34a {#cas14133-sec-0012}
----------------------------------

Total RNA was extracted. The miRNA First‐Strand cDNA Synthesis Kit and the miRNA Real‐Time PCR Assay Kit (Aidlab) were used to quantify the miRNA transcripts. U6 small nucleolar RNA was used as the reference. The primers for miR‐34a were: stem‐loop RT primer, 5′‐GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACAAC‐3′; forward, 5′‐CGGTATCATTTGGCAGTGTCT‐3′; and reverse, 5′‐GTGCAGGGTCCGAGGT‐3′. Each reaction sample had been run in triplicate. The relative expression level of miRNA was calculated with the comparative C~T~ method.

2.11. ChIP‐qPCR analysis {#cas14133-sec-0013}
------------------------

Chromatin immunoprecipitation (ChIP) was performed according to the instructions given in the EZ‐ChIP Chromatin Immunoprecipitation Kit (Millipore). Briefly, after it was sonicated into 200‐ to 500‐bp fragments, cross‐linked chromatin DNA was captured with primary antibody EZH2 or H3K27me3. IgG was used as the negative control. Precipitated DNA fragments were quantified by qPCR. The result was calculated in the form of percentage input. miR‐34a primers[20](#cas14133-bib-0020){ref-type="ref"} were used in the PCR assay: forward, 5′‐GGGCTACGAGGGACACCCGA‐3′; reverse, 5′‐CTCAGCCCGCAGGATAGC G‐3′.

2.12. RNA immunoprecipitation assay {#cas14133-sec-0014}
-----------------------------------

An RNA immunoprecipitation (RIP) assay was performed according to the manufacturer\'s protocol. Cells were collected and lysed with RIP lysis buffer (Beyotime Institute of Biotechnology, Shanghai, China). MDA‐MB‐231 cells and MDA‐MB‐231 cells transfected with pcDNA‐HOTAIR (TC~HOTAIR~) were lysed with RNA lysis buffer containing protease inhibitor and RNase inhibitor. Lysis solutions were incubated with the RIP buffer containing magnetic beads coated with anti‐human argonaute 2 (Ago2) antibodies. IgG was used as a negative control (input group). After incubation with gentle rotation for 2 h at 4°C and removal of the unbound material by washing, co‐precipitated RNA was isolated. Levels of HOTAIR and miR‐34a were presented as fold enrichment in Ago2 relative to IgG immunoprecipitates.

2.13. Statistical analysis {#cas14133-sec-0015}
--------------------------

Results are presented as mean ± SD from at least three independent experiments. The tumor incidence of rats in different groups was compared using the χ^2^ test. Other data were analyzed by one‐way analysis of variance followed by Tukey\'s test for multiple comparisons. Significance was set at *P* \< .05. All statistical analysis was conducted using IBM SPSS Statistics 21.0. GraphPad Prism software was used for data presentation.

3. RESULTS {#cas14133-sec-0016}
==========

3.1. Chemopreventive effects of delphinidin against breast carcinogenesis in rats {#cas14133-sec-0017}
---------------------------------------------------------------------------------

We used the model of MNU‐induced breast carcinogenesis in female Sprague‐Dawley rats to evaluate the chemopreventive effect of delphinidin in vivo. As shown in Table [1](#cas14133-tbl-0001){ref-type="table"}, at the end of the study, the cancer incidence in the delphinidin administration group was 43.7% lower than that in the control group (*P* \< .05), indicating that oral administration of delphinidin can effectively suppress MNU‐induced mammal breast carcinogenesis. The rats in the delphinidin administration group grew at the same rate as the control rats. No evidence of adverse effects was observed with delphinidin administration.

###### 

Effect of delphinidin on tumorigenesis endpoints and body weight

  Group     Numbers of rats   Numbers of rats with tumor   Incidence (%)                                  Multiplicity (average number/rat)   Latency (d)     Final body weight (g)
  --------- ----------------- ---------------------------- ---------------------------------------------- ----------------------------------- --------------- -----------------------
  Normal    9                 0                            0                                              ‐                                   ‐               301.66 ± 15.97
  Control   16                12                           75                                             2.42 ± 1.61                         84.66 ± 22.47   284.33 ± 21.14
  Dp        16                5                            31.3[\*](#cas14133-note-0003){ref-type="fn"}   1.66 ± 0.57                         90.85 ± 7.15    280.75 ± 11.47

Values are means ± SD. The tumor incidence in delphinidin (100 mg/kg/d) group was significantly lower than that in control group.

\**P* \< .05 compared with control group.

John Wiley & Sons, Ltd

The histopathologic sections of breast tissue and tumors showed evidence of carcinogenesis (Figure [1](#cas14133-fig-0001){ref-type="fig"}A). All mammary tumors were histologically confirmed and classified as mammary cancers.

![Delphinidin downregulates 1‐methyl‐1‐nitrosourea (MNU)‐induced mammary cancers proliferation in breast carcinogenesis. A, Histopathological sections of breast tissue (0 wk) and tumors (18 wk) in MNU‐treated rats stained with hematoxylin and eosin. Magnification, ×100. B, Immunohistochemical analysis of Ki‐67 expression in pulmonary metastatic tumor tissues of different groups. C, Immunohistochemical analysis of Ki‐67 expression in breast cancer tissues or normal mammary gland tissues of different groups. Positive cells were counted in three high‐powered fields per tumor and represent three tumors per experimental group. Magnification, ×400. The data are presented as means ± SD (n = 9). \*\**P* \< .01 compared with control group](CAS-110-3089-g001){#cas14133-fig-0001}

3.2. Delphinidin downregulates the proliferation of MNU‐induced mammary cancer in breast carcinogenesis {#cas14133-sec-0018}
-------------------------------------------------------------------------------------------------------

To study the effect of delphinidin on proliferation of MNU‐induced mammary cancer and pulmonary metastatic tumor in rats, positive expression rates of Ki‐67 in breast cancer tissue and pulmonary metastatic tumor are shown in Figure [1](#cas14133-fig-0001){ref-type="fig"}. As shown in Figure [1](#cas14133-fig-0001){ref-type="fig"}B, the positive expression rates of Ki‐67 in pulmonary metastatic tumor tissue in the delphinidin administration group were significantly decreased compared with that of the control group. In MNU‐induced mammary cancer tissue, the positive expression rates of Ki‐67 in the control group were significantly greater than in the delphinidin administration group. Ki‐67 expression in mammary gland tissues was not detected in normal group (Figure [1](#cas14133-fig-0001){ref-type="fig"}C). The results indicated that delphinidin administration significantly suppressed breast tumor cell and pulmonary metastatic tumor cell proliferation in MNU‐treated rats.

3.3. Delphinidin regulates the level of HOTAIR in breast carcinogenesis and modulates breast cancer cell proliferation and migration via negative regulation of HOTAIR {#cas14133-sec-0019}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

The mRNA level of HOTAIR was examined in breast and cancer tissues in the normal, control, and delphinidin administration groups. As shown in Figure [2](#cas14133-fig-0002){ref-type="fig"}A, cancer tissues in the delphinidin administration group exhibited lower HOTAIR expression compared with the control group. The results showed that oral administration of delphinidin can decreased the level of HOTAIR in cancer tissue.

![Delphinidin regulates the level of HOX transcript antisense RNA (HOTAIR) in breast tissues of different groups. A, The levels of HOTAIR in breast cancer tissues were detected by qRT‐PCR; ^\#\#^ *P* \< .01 compared with the control group. B, The levels of HOTAIR in breast cancer cells MDA‐MB‐231(M231), MCF‐7 (M7), MDA‐MB‐453(M453) transfected with blank plasmids (mock control, MC) or transfected with pcDNA‐HOTAIR(TC~HOTAIR~) were detected by qRT‐PCR. \*\**P* \< .01 compared with MC. C, Cell viability was determined by CCK‐8 assay in breast cancer cells and TC~HOTAIR~ with or without delphinidin (40 μmol/L) treatment. D, Wound healing assay in breast cancer cells and TC~HOTAIR~ with or without delphinidin treatment. E, Transwell invasion assay in breast cancer cells and TC~HOTAIR~ with or without delphinidin treatment. F, Transwell migration assay in breast cancer cells and TC~HOTAIR~ with or without delphinidin treatment. The data are presented as the means ± SD (n = 3). \**P* \< .05 and \*\**P* \< .01 compared with Control](CAS-110-3089-g002){#cas14133-fig-0002}

In previous research, we found that delphinidin treatment effectively decreased the expression of HOTAIR in breast cancer cells MDA‐MB‐231, MCF‐7, and MDA‐MB‐453.[13](#cas14133-bib-0013){ref-type="ref"} In this study, we blocked delphinidin‐induced inhibition of HOTAIR by transfecting cells with pcDNA‐HOTAIR(TC~HOTAIR~). As shown in Figure [2](#cas14133-fig-0002){ref-type="fig"}B, qRT‐PCR analysis results showed that introduction of the pcDNA‐HOTAIR plasmids led to substantial production of HOTAIR in breast cancer cells MDA‐MB‐231, MCF‐7, and MDA‐MB‐453. Results of the cell proliferation assay showed that delphinidin decreased proliferation of breast cancer cells and HOTAIR overexpression abrogated the effect of delphinidin on cell proliferation (Figure [2](#cas14133-fig-0002){ref-type="fig"}C).The wound healing assay also showed that delphinidin decreased proliferation and mobility to heal the wound of breast cancer cells effectively, which suppressed by HOTAIR overexpression (Figure [2](#cas14133-fig-0002){ref-type="fig"}D). As shown in Figure [2](#cas14133-fig-0002){ref-type="fig"}E,F, transwell invasion and transwell migration assay results showed that delphinidin decreased the invasion and migration of breast cancer cells, but HOTAIR overexpression abrogated the effect of delphinidin.

3.4. Delphinidin upregulates miR‐34a by inhibiting HOTAIR {#cas14133-sec-0020}
---------------------------------------------------------

Because miR‐34a is a major component of HOTAIR‐miRNA‐cancer cross‐talk,[21](#cas14133-bib-0021){ref-type="ref"} we investigated whether delphinidin inhibited breast cancer through HOTAIR/miR‐34a axis. We detected the level of miR‐34a in breast and cancer tissues and found that miR‐34a expression was decreased in breast and tumor tissues in MNU‐treated rats, and delphinidin upregulated miR‐34a in breast and tumor tissues (Figure [3](#cas14133-fig-0003){ref-type="fig"}A). The qRT‐PCR data also showed that delphinidin treatment effectively upregulated the expression of miR‐34a in breast cancer cells MDA‐MB‐231, MCF‐7, and MDA‐MB‐453.HOTAIR overexpression blocked the effect of delphinidin on miR‐34a in MDA‐MB‐231 breast cancer cells (Figure [3](#cas14133-fig-0003){ref-type="fig"}B).

![Delphinidin upregulates miR‐34a through the β‐catenin signaling pathway in breast and cancer tissues and breast cancer cells. A, The levels of miR‐34a in breast and breast cancer tissues were detected by qRT‐PCR. \*\**P* \< .01 compared with normal group; ^\#\#^ *P* \< .01 compared with control group. B, Effects of delphinidin (40 μmol/L) on the level of miR‐34a in MDA‐MB‐231(M231), MCF‐7 (M7), MDA‐MB‐453(M453) and MDA‐MB‐231 cells transfected with pcDNA‐HOTAIR (TC~HOTAIR~) were detected by qRT‐PCR; The data are presented as means ± SD (n = 3). \**P* \< .05 and \*\**P* \< .01 compared with breast cancer cells. C, Effects of delphinidin (40 μmol/L) treatment for 24 h on the level of β‐catenin, p‐GSK‐3β, c‐*Myc*, cyclin‐D1, and MMP‐7 in MDA‐MB‐231, MCF‐7, and MDA‐MB‐453 were detected by western blot. D,E, Effects of delphinidin (40 μmol/L) treatment for 24 h on the levels of c‐*Myc*, cyclin‐D1, MMP‐7, β‐catenin, and p‐GSK‐3β in MDA‐MB‐231 cells transfected with anti‐miR‐34a oligonucleotides (TC ~anti‐34a~) and TC~HOTAIR~ cells](CAS-110-3089-g003){#cas14133-fig-0003}

Because miR‐34a inactivated the Wnt/β‐catenin signaling pathway in breast cancer cells, we conducted western blot analysis to detect β‐catenin, glycogen synthase kinase‐3β (Gsk3β), c‐*Myc*, cyclin‐D1, and MMP‐7 expression. As shown in Figure [3](#cas14133-fig-0003){ref-type="fig"}C, delphinidin treatment decreased the expression of β‐catenin, p‐GSK‐3β, c‐*Myc*, cyclin‐D1, and MMP‐7 in breast cancer cells significantly.

With a locked nucleic acid oligonucleotide complementary to the miR‐34a sequence, we blocked miR‐34a function in MDA‐MB‐231 cells (TC~anti‐34a~). The results showed that inhibition of miR‐34a significantly reduced the effect of delphinidin on β‐catenin, p‐GSK‐3β, c‐*Myc*, cyclin‐D1, and MMP‐7. HOTAIR overexpression also blocked the effect of delphinidin on β‐catenin, p‐GSK‐3β, c‐*Myc*, cyclin‐D1, and MMP‐7 in MDA‐MB‐231 cells (Figure [3](#cas14133-fig-0003){ref-type="fig"}D,E).

Taken together, these results indicated that delphinidin suppresses the Wnt/β‐catenin signaling pathway partially by modulating miR‐34a and HOTAIR.

3.5. Delphinidin regulates expression of miR‐34a through HOTAIR {#cas14133-sec-0021}
---------------------------------------------------------------

In this study, RIP assay was performed in MDA‐MB‐231 cells and MDA‐MB‐231 cells transfected with pcDNA‐HOTAIR (TC~HOTAIR~) with antibodies against Ago2. The results showed that delphinidin treatment decreased HOTAIR and miR‐34a in an Ago2 pellet (Figure [4](#cas14133-fig-0004){ref-type="fig"}A,B). EZH2 and HOTAIR underlies the silencing of miR‐34a through induction of heterochromatin formation,[22](#cas14133-bib-0022){ref-type="ref"} and miR‐34a could be repressed through H3K27me3 on the miR‐34a promoter.[20](#cas14133-bib-0020){ref-type="ref"} ChIP assay was conducted to measure the enrichment of EZH2 and H3K27me3 in breast cancer cells. We found that delphinidin treatment decreased the occupancy of EZH2 and H3K27me3 at the miR‐34a promoter in MDA‐MB‐231 cells and that HOTAIR overexpression could inhibit the effect of delphinidin (Figure [4](#cas14133-fig-0004){ref-type="fig"}C,D). Taken together, these findings indicated that delphinidin can increase miR‐34a by inhibiting HOTAIR coupled with EZH2 and H3K27me3.

![Delphinidin regulates the expressions of miR‐34a through HOX transcript antisense RNA (HOTAIR) (A) and (B) RNA immunoprecipitation (RIP) assay was performed to determine the effect of delphinidin (40 μmol/L) on HOTAIR and miR‐34a in MDA‐MB‐231 cells and TC~HOTAIR~. RNA levels in immunoprecipitates were determined by qRT‐PCR. IgG was used as a negative control. C,D, Chromatin immunoprecipitation (ChIP) analysis in MDA‐MB‐231 cells and MDA‐MB‐231 cells transfected with pcDNA‐HOTAIR (TC~HOTAIR~) on the miR‐34a promoter regions using anti‐H3K27me3 and EZH2 antibodies. The bar graphs of the TC~HOTAIR~ stand for MDA‐MB‐231 cells transfected with pcDNA‐HOTAIR. Enrichment was determined relative to the input controls. The data are presented as means ± SD (n = 3). \**P* \< .05 and \*\**P* \< .01 compared with the control](CAS-110-3089-g004){#cas14133-fig-0004}

4. DISCUSSION {#cas14133-sec-0022}
=============

This study adds to the evidence that delphinidin has cancer prevention and anti‐cancer activity. Delphinidin exerts its anti‐cancer effect through inducing apoptosis and anti‐angiogenesis, and delphinidin inhibits the migration, invasion, and epithelial‐to‐mesenchymal transition of breast cancer cells.[23](#cas14133-bib-0023){ref-type="ref"}, [24](#cas14133-bib-0024){ref-type="ref"}, [25](#cas14133-bib-0025){ref-type="ref"}, [26](#cas14133-bib-0026){ref-type="ref"} This study was designed to investigate the anti‐cancer effects of delphinidin on MNU‐induced breast carcinogenesis in rats and breast cancer cells. Our study showed that dietary delphinidin effectively suppresses breast carcinogenesis in vivo and inhibits the proliferation and migration of breast cancer cells. These results indicated that delphinidin is an effective chemopreventive agent against breast cancer and provided useful insight into the role of delphinidin in breast cancer prevention.

HOTAIR, regarded as an oncogene, plays a critical role in most biologic processes of cancer and is a potential new target in cancer therapy.[27](#cas14133-bib-0027){ref-type="ref"} High expression of HOTAIR was associated with advanced stage of disease, lymphatic node metastasis, and poor overall survival.[28](#cas14133-bib-0028){ref-type="ref"} We found that, in a previous study, delphinidin treatment effectively decreased the expression of HOTAIR in breast cancer cells.[13](#cas14133-bib-0013){ref-type="ref"} In this study, we investigated the role of HOTAIR in breast carcinogenesis. These results showed that HOTAIR was overexpressed in breast cancer tissues, and oral administration of delphinidin in rats could decrease the level of HOTAIR in cancer tissues. We also found that delphinidin modulated proliferation and migration of breast cancer cells via negative regulation of HOTAIR. Based on these data, we concluded that delphinidin decreased the level of HOTAIR in breast carcinogenesis and that delphinidin may exert its anti‐cancer effect by inhibiting HOTAIR.

miR‐34a, regarded as a tumor suppressor, is decreased in breast cancer cell lines and tissues.[29](#cas14133-bib-0029){ref-type="ref"} In the current study, we detected that the level of miR‐34a was decreased in breast and tumor tissues in MNU‐treated rats, and that delphinidin treatment effectively upregulated the level of miR‐34a in tumor tissues. miR‐34a has been reported to inhibit the proliferation, invasion, and migration of breast cancer through decreased activity of the Wnt/β‐catenin signaling pathway.[30](#cas14133-bib-0030){ref-type="ref"} In this study, we found that delphinidin treatment effectively inhibited the expression of β‐catenin, p‐GSK‐3β, c‐*Myc*, cyclin‐D1, and MMP‐7 in breast cancer cells. Overexpression of HOTAIR could block the effect of delphinidin on miR‐34a in breast cancer cells.

Studies have shown that EZH2 and H3K27me3 play a major role in silencing miR‐34a and that HOTAIR directly binds to the miR‐34a promoter and plays a critical role in EZH2‐mediated repression of miR‐34a. Using RIP and ChIP assays, we found that delphinidin treatment decreased the binding of miR‐34a and HOTAIR, delphinidin also decreased the occupancy of EZH2 and H3K27me3 at the miR‐34a promoter in MDA‐MB‐231 cells. These findings indicated that delphinidin could increase miR‐34a by inhibiting HOTAIR and EZH2 occupancy at the miR‐34a promoter.

In conclusion, this study indicated that delphinidin may potentially suppress breast carcinogenesis. The results also suggested that delphinidin exerts its anti‐cancer effect through the HOTAIR/miR‐34a axis. These findings provided new evidence for the use of delphinidin in preventing breast carcinogenesis. Further studies could be conducted in the effect of delphinidin on human breast cancer prevention and the level of HOTAIR in the primary tumor of breast cancer patients.
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